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The elecironic and sleciron spin resonance spectre of bis-V-propylsalicylaldiminate copper (11}

have bean meas

. The measurements show 1hat the gtensor has some rhombic character with

Hr=220% ko =2004, and gy,=21038. Four +f teansitione were observed in the electronic spectrum

ar T4 800, 16 800, 19 800, and 22.0(00 cm~t.
the polatization dule of the bands.
mutlecules.

A consistent sel of wssignments has been mude based on
These resulis are compared 1o the tegults from other similer
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}. Introduction

Considerable data are now available on the electronic
epectra and magnetie properties of bis-copper (In)
complexes with bidentate ligand: attached to ring
systems [1-9]! Almost without exception, for a
square planar configuration, the ligand field axes in
the molecular plane have been found to point toward
the ligand ring system even though the molecular
geometry about the copper would seem to favor axes
along the copper lizand bonds. These complexes
generally contain a center of symmetry 20 that in the
simplest approximation the J-d transitions are for-
bidden. To accoumt for the observation of these
transitions a vibronie mechanism is uspally invoked.

The spectra of bis-zalicylaldiminate copper {11}
CuSal;] and bis-N-methylaalicylaliminato copper {11}
Culm-5alk], for which the ecrystal structiures are
known, have been studied [2]. These spectrz have
been interpreted by assuming that the ligand field
symmetry at the cupric ion is described by the poimt
group &h- Unfortunately four possible d&-d
transitions could not be observed for sither molecule
making it necessary to speculate on the reasons why
only certain tramsitions are active. Although the
interpretation seems reasonable, there are still some
unanswered questions about it [3].

Preliminary data on bis-¥-propylsalicylaldiminato
copper (1) [Culg-Sal)s) indicated that this complex
would be particularly apited for a detailed study that
might resolve some of the unanswered questions even
though the complete crystal structure of the molecule
is not known. Foor d-f transitions are observed in
the optical spectrum and the g-tensor has a rhombic
distortion. Preliminary x-ray data revealed that there
is only one molecule per unit cell thus ruling out any
speciral ambiguities arising from erystallographically
nonequivalent sites.

*Flmten in bracketn indicata the Eterminre referevces  the end of thin paper.

2. Experimeantol Prodecure

Samples of Co(p-Salk were kindly supplied by
Mrs. Paula Wood. Suitable single erystals were grown
by evaporation from an acetone solution.

Analysis: Calculated, C—-61.92%, H—6.24%, N-
7.22%, Cu—16.38%.
Found, C-619%, H-62% N-7.2%,
Co—16.4%.
X-ray examination showed that the erystals of Cu

Sal)k are triclinic with a measured cell volume of 462A%,
The calculated density based on one molecule per
unit cell is 1.3% gmfem?® which is to be compared to
the messured value of 1.40 grofcm?.

The magnetic studies were carried owt =1 25 °C
and — 1% °C using a X-band spectromelet with 108
kHz madulation and a K-band spectrometer with 4
kHz modulation. The principal axes ol Lhe gtensor
were determined by rrial and error beecapse of the
absence of crystal symmetry. The principal g-valoes
are given in table 1. The uncertainties quoted repre-
t#ent primarily a measure of the uncertainty in the
glinement of the crystals in the applied magnetic field.
The spectrom of a powdered polyerystalline sample
waz also observed. 1t was interpreted by the methosd
of Kneuhohl [10] vielding resuirs in agreement with the
single crystal measurements, The peak-to-peak line
widths at 77 °K are abouat 18 G in the xyplane and
about 60 G along the z.axis.  Soch line widths indicate
a considerable amount of exchange interaction.

Oyptical spectra were taken on a spectrophotometer,
Light incidemt on the crystal was polarized by means
of Glan-Thomsen polarizers. Spectra were taken in
twao crystal faces whose orientation with respect to
the experimentally determined magnelic axes is shown
in figure 1. The ab face is nearly perpendicular to
the molecular plane which is assumed to be the mag-
netic xy-plane. The other face corresponds very
nearly to this xy-plane.
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Ficure 2. Polorized chwerption specirg of Cuolp-Sal ot 77 °K
with light incident or the ab face.

Figure 2 shows the polarized spectra along &« and b,
The paralle]l to g spectrum shows twe strong bands
(14,800 and 16,800 em~!} while the parallel to b
spectrum showa two relatively weak bands (19,800
and 22,000 em~-1). The presence of four bands is
clearly revealed in the spectrum taken approximately
18° from g in the ab face.

The specira taken with light polarized parallel to x
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FIGURE 3. Polarized obaorpeion spectra of Culp-Sally ar 77 *K
with fight incident in the xy-plone.

and to ¥ in the xy-plane is shown in fgure 3. Charge
transfer andfor Ligand absorption above 20,000 cm-—?
preclude the observation of the two high frequency
bands in thia crientation. The two low-frequency
bands are strongly polarized in the plane of the
molecule while the two high-frequeney bands have a
z-eomponent. Whether these latter bands also have
an x of y component could not be established because
of the strong overlapping absorption mentioned

previously. These data are summarized in table 1.
Taslg 1. Opice! transizions (cm=")
Culp-Salk Coim Snlif CofSaly
L4800 (x, 3} 15,000 e 33 16500 {x, 33
16,00 i, ¥ 17,00 L 5 18,500 iz, 3
19,800 &} 500 bf
2008 b}
e data
Cufp-Zaly Curiali!
= 2064 -t DO 2 50y
F. 200 i 204
' L1235+ JO0G 1200,

3. Interpretation of Resylts

The geometry for this type molecule is shown in
figure 4 [11, 12]. The highest symmetry consistent
with this model iz the point group Cz;,. This symmetry
leaves the position of the x- and y-axes in the molecular
plane undefined. In CuSal and Cuim-Sall the -




FicURE d. Schematic reprerentation of the grometry of the CulSall-
bype complex showing the localion of the x- ond y-magretic ayes.

axis was found to pasa through the interior N.Cu-0
angle as shown. e ligand field axes of Cu(p-Sal);
were foond to be identical from hoth optical and
magnetic measurements and are assumed to be
oriented in the same manner as in the closely related
molecules.

The ohserved z-values can be sccounted for on
the basis of a ground state that is essentially d,»_ s or

essentiatly 4., The polarized electronic spectrum
does not lead w a differentiation either, since in Cyy,
both states belong to the symmetry specics Ap. In
table 2, the polarization of the various expected transi-
tions iz summarized assuming that the appropriate
point group is Cg, snd that the transitions become
allowed through a vibronic mechaniam. This same
table would hold if the roles of dx; and d_s_ 2 were

interchanged.

TaBLE 2. Pofarization of aflowed vibronic iransitions in Cyy,
Species af vilmation
Translihm
A B

P ﬁ}y‘ z r %m
Ty |y z ¥
ar > ¥ & 19800
IpE—F | Iy z 22000

The assignment given in table 2 seems to be the
most logical and agrees with the assignments made
previonaly in CuSal: and Culm-S5alls [1-3]. This
mneans that the bransitions become allowed throngh a
vibronic mechanism involving & By vibration. Again
this is in accord with the previons work [1-2].

The disturbing part ol thia interpretation is that it
does not pmvic& an unambignous determination of

the efectronic ground state, However, intuitive argu-
menta based on the fact thar the dyy orbital points
directly at the ligands lead to the conclusion that d-y
must he the orbital containing the unpaired electron.

4. Bonding Paromaeters

The magnetic and optical data can be used to gain
some insight into the nature of the bonding in Cu{p-
Salls. The wavefunctions which describe this com-
plex are taken to be a linear combination of copper
d-orhitals and ligand orbitals of the same symmetry
species. The d,, d.p and dz_ 2 orbitals belong 10
the trreducible representation Ay in the point group
Czr, and can therefore mix. As a first approximation,
however, we have assumed they may be ireated
separately. The wavefunctions [6] are:

|xy > = aday— $a' [~ o + o8+ o) — o]
| ¥ =" >=0d 22— H1— B[ ply
= p+ pS+ iyl
|2* >=yd,s= 31— ¥ [0+ 0 — o — o]
| y2 > = 8'dey= 31— 5202 [p0 + g — p — pif]

| xz = =d,.

The g-values which are the experimental parameters
in the usual spin Hamiltonian can then be related 1o
the free ion spin-orbit coupling constant, 1he electronic
energy levels and the bonding parameters by the
equaticns

a
g =2.002—

-y

lo?g% — oo 328

£e=2.002— 2% [0~ ca’'S]
Ey 3

2
2y =2.002 — =X (0387 — 0’538,
wE

The valuea for the § and T(r) integrals are assumed
to be the average of calculated values for oxygen and
nitrogen. Using the assignments A »  »=16,800
e, Ap=19800 cm~?, and A.=22,000 ¢m!, the
bonding parameters are found to be o= 0.89, 8= (.85,
and 8' =0.76. The values indicate that the pi bonding
to the ring system can play an important role in sta-
bilizing some chelating complexes. Gersmann and
Swaten [6] also caleulated values for bonding param-
eters in chelating complexes. In their studies the
two in-plane g-values were approximately eqnal and
differences in the optical transitions were used to



reach conclusions about the strength of the pi bond.
In Culp-5alls the | x:> and | ¥z 2> energy levels are
found to be rather close together and the nature of the
bonding manifests itself in rather different in-plane
£-values,

It js interesting to uwse the magmetie data of Maki
and McGarvey and estimates of the bonding param-
etera tor Cu(Salk to calculate the expected positions
of the |xzr> and |yz>>levels in that complex. The
work of Kivelson and Meiman [7] avggests that of
would be about 0.76 and we assume that & iz about
the same as in Culp-Salk. The |xz> level iz then
expecied to be at 18200 cm™ and the |yz == level is
calculated to be at about 24,700 cm~'. The latter
band would be masked by the charge transfer spectra,
while the former falls in the same region of the spec-
tram as the two more intense Ap— Ay transitions.
Ferguson [2] has auggesied that a amall ¢ component
in the specirum mﬁe indeed be present in this spec-
tral region. This assignment of energy levels is also
in qualitative agreement with the work of Gersmann
and Swalen.

(Paper TOA1-380)

5. Conclusions

The electronic and magnetic spectra of Culp-Salk
support the contention that the efective symmetry
at the cupric ion is lower than axial. Moreover, these
data appear to bhe best accounted for in terms of a

model which aupposes the ground-state molecular
orhital is essentia]ﬁro dry
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